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1
SYSTEM FOR STITCHING ALONG A CURVE

TECHNICAL FIELD

The present invention relates generally to a computer
controlled sewing or embroidering machine, and more
particularly to a system and method for controlling the
operation of such a sewing or embroidering machine so
that it can stitch along a curve.

BACKGROUND ART

Stitch patterns for computer controlled sewing or
embroidering machines are readily available. Such
stitch patterns may be stored as stitch movement co-
mands on a punched paper tape which can be “input-
ted” into the sewing or embroidering machine to direct
the machine to stitch the pattern, which is embodied in
the paper tape, on fabric or other material. Another
approach utilizes predetermined patterns which are
stored in a computer memory and subsequently re-
trieved from memory when stitching of the pattern is
rerequired. With either of these approaches, if the pat-
tern is to be stitched along a curve, parameters defining
the curve are used to generate a unique set of stitch
movement commands which are stored on the punched
paper tape or in the computer memory. The end result
1s that each stitch pattern, whether on a straight line or
on a curve, becomes a “‘custom’ set of instructions for
that specific pattern and the pattern cannot be easily
modified. If a different stitch pattern or curve is desired,
a new stitch pattern must be developed and punched
into a paper tape or placed in the computer memory.
Thus, virtually no commonality exists between stitch
patterns and a new stitch pattern must be developed for
each specific application.

In view of the foregoing, it has become desirable to
develop a system and a method for stitching selected
characters along a curve by merely entering into the
system those characters to be sewn or embroidered and
parameters defining the curve on which the characters
are to be stitched. |

SUMMARY OF THE INVENTION

The present invention solves the aforementioned
problems associated with the prior art as well as other
problems by providing a novel system and method for
stitching characters along a curve. The alphabetic char-
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acters, numerals, symbols, designs, etc. to be sewn or

embroidered are selected by means of an operator con-
sole or keyboard. The initial radius and the initial angu-
lar displacement of the curve on which the selected
alphabetic characters, numerals, symbols, designs, etc.
are to be positioned are also selected by the machine
operator or may be determined by the system if other

operating parameters are entered therein. The data

needed to generate the stitches required for each of the
alphabetic characters, numerals, symbols, designs, etc.
which may be chosen are stored in a first memory de-
vice and are retrieved from same when needed and
transmitted to a stitch generator. The stitch generator
produces one or more stitch points for each selected
alphabetic character, numeral, symbol, design, etc.
Those stitch points are transmitted to a curve generator
which generates a new set of stitch points such that the
selected alphabetic characters, numerals, symbols, de-
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signs, etc. are projected onto a curve having the desired

initial radius and the initial angular displacement. The
curve generator accomplishes the foregoing by con-

2

verting a stitch point into a cartesian co-ordinate posi-
tion in a straight stitch field, transforming the cartesian
co-ordinate position into a new position in a curved
stitch field which conforms to a curve of the desired
initial radius and the initial angular displacement, deter-
mining the cartesian co-ordinates of the new position in
the curved stitch field, and then generating a new stitch
point from the new set of cartesian co-ordinates. The
foregoing steps can be performed sequentially for each
stitch point or a plurality of stitch points can be pro-
cessed sequentially as a group. The resewing new stitch
points, which are a function of the cartesian co-ordi-
nates of the stitch point in the original straight stitch
field and the desired initial radius and the initial angular
displacement of the curve on which the characters, etc.
are to be positioned, are then transmitted to a stitch
movement command generator which produces a stitch
movement command or commands for each stitch point
and transmits same to the stitching apparatus which

" translates these stitch movement commands into incre-

mental movements of a cloth frame in the x direction
and/or the y direction permitting the selected charac-
ters, numerals, symbols, designs, etc. to be sewn or
embroidered along the desired curve.

BRIEF DESCRIPTION OF THE DRAWINGS

F1G. 1is a schematic diagram of a control system for
a stitching apparatus wherein the control system incor-
porates the present invention.

F1G. 2 illustrates an alphabetic character and a stitch
point in a straight field of stitch points. |

FIG. 3 illustrates the resulting “transformed” alpha-
betic character and a stitch point in a curved field of
stitch points.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings where the illustrations
are for the purpose of describing the preferred embodi-
ment of the present invention and are not intended to
limit the invention hereto, FIG. 1 is a schematic dia-
gram of a control system 10 for a stitching apparatus 12
wherein the system 10 utilizes the present invention. In
addition to the stitching apparatus 12, the system 10 also
includes a first memory device 14, a stitch generator 16,
an operator console or keyboard 18, a curve generator
20, a second memory or storage device 22, a stitch
movement command generator 24 and a stitch move-
ment command converter 26.

The first memory device 14 can be a random access
memory (RAM), a read only memory (ROM), a pro-
grammable read only memory (PROM), a floppy disc,
etc. and is connected to the stitch generator 16. This
memory device 14 is used for storing the data required
to generate the stitches comprising the alphabetic char-
acters, numerals, symbols, designs, etc. which are to be
sewn or embroidered by the stitching apparatus 12. In
essence, the outline of the stitched area of each alpha-
betic character, numeral, symbol, design, etc. is divided
into straight, curved, or irregularly shaped segments,
each of which is generally defined by a first stitch or
line of stitches, a second stitch or line of stitches, one
edge connecting one end of the first stitch or line of
stitches to an end of the second stitch or line of stitches,
and another edge connecting the other end of the first
stitch or line of stitches to the other end of the second
stitch or line of stitches, all of the foregoing data being
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stored, explicitly or implicitly, in the memory device 14.
By dividing the alphabetic characters, numerals, sym-
bols, designs, etc. into such segments and by including
the intermediate displacements to interconnect the re-
sulting stitch segments, the overall configuration of
each character, numeral, symbol, design, etc., along
with the orientation of the segments with respect to one

another and the proportionality between segments, can
be stored in this memory device 14 for use during the
sewing or embroidering process.

The operator console or keyboard 18 is connected to

the stitch generator 16 and is utilized for selecting the
individual alphabetic characters, numerals, symbols,
designs, etc., or group of same, to be sewn or embroi-
dered for entry into the stitch generator 16. The se-
lected alphabetic characters, numerals, symbols, de-
signs, etc. are entered in the order desired for the result-
ing sewn or embroidered display. In addition, other
parameters can be entered into the stitch generator 16
by means of the operator console or keyboard 18, such
as sizing, scaling and/or sloping data for the selected
alphabetic characters, numerals, symbols, designs, etc.;
the spacing desired between adjacent alphabetic charac-
ters, numerals, symbols, designs, etc. or between adja-
cent lines of same; the desired stitch density; and a rela-
tive starting reference point for each line or lines of
alphabetic characters, numerals, symbols, designs, etc.
to be sewn or embroidered. The operator console or
keyboard 18 is also connected to the curve generator 20
and is utilized for entering the desired initial radius R,
and the initial angular displacement 8, of the curve or
curves on which the respective line or lines of aipha-
betic characters, numerals, symbols, designs, etc. are to
be sewn or embroidered; alternatively, the initial radius
R, and the 1nitial angular displacement 6, may be deter-
mined by the system 10 through the entry of other
parameters via the operator console or keyboard 18.
For example, to center a curve having a specific sub-
tended angle, the subtended angle is entered into the 10
via the operator console or keyboard 18, and the system
10 can compute the initial radius R, and the initial angu-
lar displacement @, of a curve having the desired sub-
tended angle centered about a vertical axis.

The stitch generator 16 connects the first memory
device 14 to the curve generator 20 and is utilized to
transform the data required to generate the stitches
comprising the alphabetic characters, numerals, sym-
bols, designs, etc. into stitch points which define or
determine the placement of stitches within the forego-
ing segments defining the selected alphabetic charac-
ters, numerals, symbols, designs, etc. The stitch genera-
tor 16 accomplishes the foregoing by accessing the first
memory device 14 for the data required to generate the
stitches comprising the selected alphabetic characters,
numerals, symbols, designs, etc. to be sewn or embroi-
dered and for other relevant data contained therein, and
then sizing, scaling and/or sloping the data defining the
segments of each selected alphabetic character, nu-
meral, symbol, design, etc., to be sewn or embroidered.
After sizing, scaling and/or sloping the data defining
the segments, the size of the resulting envelope defining
each segment is determined and used to find the total
number of stitches required to fill the envelope. This
determination of the total number of stitches is a func-
tion of the desired stitch density and the size of the
segment envelope. Based upon the foregoing, the stitch
generator 16 produces the required number of stitch
points to fill each stitch segment. If no “curving” of the
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4

selected alphabetic characters, numerals, symbols, de-
signs, etc. is required, the stitch points can be transmait-
ted directly to the stitch movement command generator
24 which produces a stitch movement command or
commands for each stitch point which, 1n turn, are
transmitted to the stitching apparatus 12. Alternatively,
the resulting stitch movement command or commands

can be transmitted to the second memory or storage
device 22 for storage purposes. The second memory or
storage device 22 can be in the form of a random access

memory (RAM), a read only memory (ROM), a pro-
grammable read only memory (PROM), a floppy disc
or a punched paper tape, etc. And lastly, the stitch
points can be transmitted to the curve generator 20
which is connected to the stitch generator 16.

As stitch points for each line of selected alphabetic
characters, numerals, symbols, designs, etc. are re-
ceived by the curve generator 20, a new set of stitch
points is generated such that the selected alphabetic
characters, numerals, symbols, designs, etc. will be pro-

jected into a curve having a desired initial radius R and

initial angular displacement 8,. The curve generator 20
accomplishes the foregoing by converting a stitch point
into a cartesian co-ordinates position in a straight stitch
field, transforming this cartesian co-ordinate position
into a new position in a curved stitch field which con-
forms to a curve of the desired initial radius R, and the
initial angular displacment 6,, and then determining the
cartesian co-ordinates of the new position in the curved
stitch field. The foregoing process can be performed
sequentially for each stitch point or a plurality of stitch
points can be processed as a group. The resulting carte-
sian co-ordinates are a function of the original cartesian
co-ordinates, and the desired or determined initial ra-
dius R, and initial angular displacement 6, of the curve
on which the selected alphabetic characters, numerals,
symbols, designs, etc. are to be sewn or embroidered.
An example of the foregoing transformation can be
shown graphically in FIGS. 2 and 3 which respectively
illustrate an alphabetic character and a stitch point in a
straight field of stitch points, and the “transformed”
alphabetic character and stitch point in a curved field of
stitch points. In essence, the straight field of stitch
points shown in FIG. 2 is “mapped” or “projected”
onto the curved field shown in FIG. 3. The foregoing is
accomplished by defining each point in FIG. 2 by its x
and y cartesian co-ordinates relative to a selected start-
ing reference point and then transforming the straight
point field onto the curved field in FIG. 3 wherein each
point can be defined by a polar co-ordinate radius R and
an angle 0. The foregoing transformation is accom-
plished by taking each point (%, y) in FIG. 2, defining a
transformed point in the curved field in terms of the
polar co-ordinates R and 6, and then defining corre-
sponding cartesian coordinates, identified as X', y’ in
FIG. 3, for that point in the following manner:

The radial component R of the polar coordinates of
the point identified as x', y’ in FIG. 3 1s:

R=Ra+y (D

The angular component @ of the polar coordinates of
the point identified as x’, ¥, in FIG. 3 1s:
0=0,+x/R, (2)

where R, and 6, are the desired initial radius and the
initial angular displacement of the curved field of
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points, respectively, as entered by the operator or deter-
mined from other parameters. But the cartesian co-ordi-
nates of point x’, y’ can be related to polar co-ordinates
by the following relationships:

x'=R cos 6
y'=R sin & 3)

~ Substituting equations 1 and 2 into equation 3 results in
the following: |

y = {Ro + J] [Siﬂ (99 + ;
0

(4)

)]

Thus, each stitch point in the curved stitch field can be

defined by a new set of cartesian co-ordinates which are
a function of the cartesian co-ordinates of the point in

the original straight stitch field and the desired or calcu-
lated itial radius R, and the initial angular displace-
ment &, of the curve on which the selected alphabetic
characters, numerals, symbols, designs, etc. are to be
sewn or embroidered. After completing the foregoing
transformation for a stitch point, the stitch movement
command generator 24 produces a new stitch move-
ment command or commands from the previously com-
pleted stitch point to the newly transformed stitch point
in the new set of cartesian co-ordinates and transmits
same to the stitching apparatus 12 which translates the
new stitch movement command or commands into in-
cremental movements of a cloth frame in the x direction
and/or the y direction. Such movements of the cloth
frame are typically controlled by individual stepping
motors or servo motors whose operation and control
are well known in the art and thus will not be described.
In this manner, the incremental movements of the cloth
frame can be controlled so that the selected alphabetic
characters, numerals, symbols, designs, etc. are sewn or
embroidered on the desired curve. Alternatively, the
new stitch movement commands can be transmitted to
the second memory or storage device 22 for storage
purposes or for conversion into a punched paper tape,
as previously described.

Alternatively, the stitch movement commands stored
in the second memory or storage device 22 can be re-
trieved from same and integrated by the stitch move-
ment command converter 26 to determine a stitch point
corresponding to the end of the stitch movement. This
stitch point can then be processed by by the curve gen-
erator 20, as hereinbefore described. In this way, exist-
ing designs, logos, names, etc. from a punched paper
tape can be stitched along a curve having a desired
initial radius R, and initial angular displacement 6,.

Certain modifications and improvements will occur
to those skilled in the art upon reading the foregoing. It
should be understood that all such modifications and
improvements have been deleted herein for the sake of
conciseness and readability but are properly within the
scope of the following claims.

I claim:

1. Apparatus for transforming stitch points in a first
orientation relative to one another into stitch points in a
second orientation relative to one another comprising:

x' = [Ry + ¥] [cos (Bﬂ + ;ﬂ
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6

means for generating stitch points in said first orienta-
tion, said generating means comprising a stitch
point generator which receives data for stitch
points and transforms said data into stitch points in
said first ortentation; and

means for transforming said stitch points produced by

said generating means into stitch points in said
second orientation, said stitch point transforming
means comprising means for determining the carte-
sian co-ordinates of said stitch points produced by
said generating means, means for transforming said
cartesian co-ordinates of said stitch points into new
positions in said second orientation, and means for
determining the cartesian co-ordinates of said new
positions of said stitch points in said second orienta-
tion. )

2. The apparatus as defined in claim 1 further includ-
ing means for storing data required for the generation of
stitch points.

3. The apparatus as defined in claim 1 wherein said

stitch point generator receives data for a stitch point
from said data storing means and transforms said data

into a stitch point in said first orientation.

4. ‘The apparatus as defined in claim 1 further includ-
ing means for generating one or more stitch movement
commands for each stitch point in said second orienta-
tion.

5. The apparatus as defined in claim 4 further includ-
ing means for storing said stitch movement commands
produced by said stitch movement command generat-
Ing means. -

6. The apparatus as defined in claim 1 wherein said

stitch point generating means comprises means for stor-

ing stitch movements commands and means for con-
verting one or more stitch movement commands into a
stitch point in said first orientation, said converting
means receiving said one or more stitch movements
commands from said stitch movement command storing
means.

1. The apparatus as defined in claim 4 further includ-
ing means for stitching said stitch point in said second
orientation, said stitching means being responsive to
sald one or more stitch movement commands produced
by said stitch movement command generating means.

8. The apparatus as defined in claim 1 wherein said
first orientation is a straight stitch field and said second
orientation is a curved stitch field.

9. The apparatus as defined ih claim 1 wherein said
first orientation is a straight stitch field and said second
orientation is a stitch field which conforms to a curve
having a desired or determined radius and angular dis-
placement.

10. Apparatus for transforming stitch points in a first
orientation relative to one another into stitch points in a
second orientation relative to one another comprising:

means for storing data required for the generation of

stitch points;

means for selecting data from said data storing means

for stitch points in said first orientation and input-
ting data relating to said stitch points in said second
orientation;

means for generating stitch points in said first orienta-

tion from said data provided by said selecting
means, sald generating means comprising a stitch
point generator which transforms said data pro-
vided by said selecting means into stitch points in
said first orientation; and
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means for transforming said stitch points produced by
said generating means into stitch points in said
second orientation, said stitch point transforming
means comprising means for determining the carte-

sian co-ordinates of said stitch points produced by

said generating means, means for transforming said
cartesian co-ordinates of said stitch points into new
positions in said second orientation, and means for

determining the cartesian co-ordinates of said new
positions of said stitch points in said second orienta-

tion.

11. The apparatus as defined in claim 10 further in-
cluding means for generating one or more stitch move-
ment commands for each of said stitch points in said
second orientation.

12. The apparatus as defined in claim 11 further In-
cluding means for storing said stitch movement com-
mands produced by said stitch movement command
generating means.

13. The apparatus as defined in claim 10 further in-
cluding means for storing stitch movement commands
and means for converting one or more stitch movement
commands into a stitch point in said first orientation,
said converting means receiving said one or more stitch
movement commands from said stitch movement com-
mand storing means.

14. The apparatus as defined in claim 11 further in-
cluding means for stitching said stitch point in said
~second orientation, said stitching means being respon-
sive to said one or more stitch movement commands
produced by said stitch movement command generat-
ing means. |

15. The apparatus as defined in claim 10 wherein sai:d
first orientation is a straight stitch field and said second
orientation is a curved stitch field.

16. The apparatus as defined in claim 10 wherein said
first orientation is a straight stitch field and said second
orientation is a stitch field which conforms to a curve
having a desired or determined radius and angular dis-
placement.

17. Apparatus for stitching material along a particular
orientation comprising:

means for storing data required for the generation of

stitch points;

means for selecting data from said data storing means
for stitch points in a first orientation relative to one
another and inputting data relating to said stitch
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8

points in a second orientation relative to one an-
other;

means for generating stitch points in said first orienta-
tion from said data provided by said selecting
means, said generating means comprising a stitch
point generator which transforms said data pro-
vided by said selecting means into a stitch points in
said first orientation;

means for transforming said stitch points produced by
said generating means into stiich points in said
second orientation, said stitch point transforming

means comprising means for determining the carte-
sian co-ordinates of said stitch points produced by
said genreating means, means for transforming said
cartesian co-ordinates of said stitch points into new
positions in said second orientation, and means for
determining the cartesian co-ordinates of said new
positions of said stitch points in said second orienta-
tion;

means for generating one or more stitch movement

commands for each of said stitch points in said
second orientation; and

means for stitching said stitch points in said second

orientation, said stitching means being responsive
to said one or more stitch movement commands
produced by said stitch movement command gen-
erating means.

18. The apparatus as defined in claim 17 further in-
cluding means for storing said stitch movement com-
mands produced by said stitch movement command
generating means.

19. The apparatus as defiined in claim 17 further in-
cluding means for storing stitch movement commands
and means for converting one or more stitch movement
commands into stitch point in said first orientation, said
converting means receiving said one or more stitch
movement commands from said stitch movement com-
mand storing means.

20. The apparatus as defined in claim 17 wherein said
first orientation is a straight stitch field and said second
orientation is a curved stitch field.

21. The apparatus as defined in claim 17 wherein said
first orientation is a straight stitch field and said second
orientation is a stitch field which conforms to a curve
having a desired or determined radius and angular dis-

placement. |
xk *®x ¥ % X
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